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ABSTRACT

The paost—+light products for the second Discovery
flight, 8TS-19 (51-A), have been completed and are
summarized herein. The inertial Best Estimate
Trajectory, BT19D192/UN=169750N, was develaoped as
discussed in Section I using spacecraft dynamic
measurements from IMU 2 in conjunction with the best
tracking coverage avallable to date far any of the
z2arlier Shuttle entries. As a consegquence of the
latter, an anchor epoch was selected which conforms to
an initial altitude of grzater than a million feet. The
Extended BET, ST19BET/UN=274883C, incorporated the
previously mentioned inertial reconstructed state
information and the LaRC generated LAIRS atmaosphere,
STIMET/UN=7126462N, with some minor exceptions as
discussed in Section II. Primary and back-up AEROBET
reels are NKO01&65 and NKO201, respectively. This product
was only develaoped over the lowermost 360 kft altitude
range due to atmosphere problems but this relates to
altitudes well above meaningful signal in the IMus.
Section III presents summary results generated from the
AEROBET for this flight with meaningful contiguration
ang statistical comparisons from the previous thirteen

flights.
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MMLE files were generated based on IMU 2 and

RGA/AA measurements as discussed in Section IV. Tapes
generated were NKO202 and NKO203 for the IMU and RGA/AA,
respectively.

fppendices attached define spacecratt and
physical constants utilized (Appendix A), show plots of
the final tracking data residuals from the post—-flight
fit (Appendix B), list relevant parameters from the BET
at a twoilZ) second spacing (Appendix C), and retain for
archival gurposes all relevant input and output tapes
and files generated (Appendix D).

Summary flight times and events are given in the

tclliowing table:

Anchor Epoch November 16, 1984 40300.0 sec GMT
11¥ 11™ 408

Event Time from epoch Al titude
(secs) (ktt)
Entry interface 1038 400
Initial flight extraction 1179 320
Maximum Mach number (“~27) 1276 272
M25 1472 2472
MZ20 1777 217
M1S 1980 190
Mi0 2142 165
MS 2354 118
M2 2534 75
M1 2628 50
Main gear deployment 2877 ~0
Weight on wheels (WOW) 2832 -2
Weight on nose (WONG) 2609 -2
Stap time 2955 -.2

-iii-




I. Entry Trajectory Reconstruction

I.a. Dynamic Data

None of the problems that surfaced during the
Operational Recorder data reduction for the STS-17
flight were encountered con this flight. BSelection of
IMU 2 as the dynamic data source for 5T85-19 was rather
straightforward. Though sid-value selection based on
the accelerometer measurements indicated IMU 3 was
better 1n the y-component, IMU 2 was selected in the x-
and z— directions some &1 and S9 percent, respectively.
In termé of total angle as measured by the gyros, IMU 2
represented mid-value measurements 89 percent of the
time. Total angular rate mid-value measurements were
essentially spread equally across the three IMUs. There
were nc appreciable data gaps in the 0I data, that is,
there were none greater than four (4) seconds. Also,
there were virtually no manual data deletions required.
Clearly the downlist for this flight was much more
mominal .

There was some special treatment required for
this flight in view of the more lengthy files required
to accomodate the additional tracking coverage
avaiiable. Eecause of dimensional constraints in the
FREIMU software, dynamic data files were divided into
two time interwvals, processed serially using the spline
utility and merged thereafter. Also, though of no major
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impact, IMU Z revealed Euler angle gimbal flips requir-
ing use of a different Euler sequence. Fortunately the
software provides for such an alternative as 1t has
occurred previously.

Figure I-1 shows plots of the body-axes derived
rates and accelerations from IMU 2 for this flight. The
data are strip-charted over 500 second intervals between
1125 seconds and 2892 seconds. The first time conforms
to the start of the AEROBET as discussed lafer. The
final time relates to vehicle maingear touchdown. All

signal of interest is covered herein.




I.b. Tracking coverage

Tracking data were obtained from four (4) S-band
radars and fourteen (14) C-band trackers. This
extensive tracking coverage, which included stations
from California, Arizona, and New Mexico as well as
Facific and Florida stations, makes STS5~-19 the best
tracked of the Shuttle entries to date. In order to
fully utilize the available tracking data, a three (3)
degree elevation angle constraint, rather than the
usual five (5) degree minimum, was imposed on the passes
from Guam (GWMS), California (VDBC, VDSC), and one New
Mexico station (WSBC). For all other stations the
standard five degree minimum elevation constraint was
used. Since cine—-theodolite data were not available
from the Cape, the end conditions for the reconstructed
trajectory were improved by utilizing pseudo altimeter
data during rollout and pseudo Doppler data after
vehicle stop on Runway 15 at KSC.

Tracking coverages are depicted in Figures I-2
throuch I-4. Figure I-2 shows the entire ground track
ror 8T5-19, with tracking stations shown as annotated.
Times and corresponding altitudes at 500 second
increments along the track are also given. Annotation

f+or =sach tracker includes the geographic location and,




in parentheses, the number of trackers at that complex
followed by the maximum elevation angle measured at that
locale. Detailed tracking coverage is shown in Figure
I-3. The tracking arcs actually used for trajectory
reconstruction are shown by dashed "rays" from the
stations to the ground track. Pertinent times and
altitudes are also given. An expanded view of the final
approach and landing segment is given as Figure I-4.
Acronyms and locaticns for the 8T5-19 trackers are given

in Table I.




I.c. Reconstruction results

The final BET solution for 8T5-19, BT19D19, is
presented in Table II. For comparison, the initial
estimate from the onboard navigation system, the JSC/TRW
estimate, and a state—-only ENTREE estimate are also
given. Compatrison of the two ENTREE estimates shows
that a significant improvement in the fit to the
tracking data is achieved by expanding the solution set
to include accelerometer scale factors. The state and
attitude for the final solution are in very close
agreement with the state only solution, and, the
instrument parameter ervraors are in accord with the 1
sigma performance levels of 100 ppm. There is also very
good agreement between the JSC/TRW and BT19D19 solutions
both at epoch and throughout the entry trajectory. The
weighted fit statistics for BT19D19, based on 7823

observations, are U =-0.224 and _0 =1.232. A summary
===

of the residuals, by station and data type, is given in
Table III. Plots of the final residuals are presented
as Appendix B. Composite residuals are included in this
section. Composite post-fit residuals are given in
Figure I-S5 (range, boppler), I-6 (azimuth, elevation),
and I-7 (X- and Y-angles). Symbhols utilized for the

composite residual plots are as follows:




Key to Symbols for Composite Residuals

STATION

SYMBOL

GWMS
KMTC
HAWS
KPTC
vDBC
vDSC
MTLC
SPKC
WSSC
WHSC
HOLC
MiLS
MLXS
MLMC
MLAC
PATC
CNMC
CNVC

aPPFRPOBODSOODDPDPODOO

Comparisons of the final BET position and velocity

after relliout on Runway 13 versus survey values are:

Encd conditions at vehicle stop (Runway 15 coordinates)

Survey
121848

G

,FE 1&
O

0

0

m

,ft
Ft
R T
p
fps
tp

T T <

‘e
k]
9

bl

Figure I-8 presents

BT19D19
12201
23

i6

-.01
.20

.04

plots of the BET during

rollout. Survey=d values are depicted thereon. Vehicle

stop occurs 2955 seconds atter epoch.
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Figure I-1. (continued)
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I1. Extended BET Develaopment

The atmosphere selected for STS—-19 (S1-A) was the
LAIRS file developed by J. M. FPrice, LaRC AB/SS5D,
designated as ST19MET/UN=712662N. Selection of this
atmosphere is vindicated in the first few figures
presented in the section. Comparisons are presented
based on these data and the usual four{(4) alternative
sources, namely: the NOAA "totem—-pole" data derived from
the JBC BET, the MSFC Global Reference Atmosphere Model
(GRAM) , the USAF 1978 Reference Atmosphere (AF78), and
Shuttle derived parameters. Symbols utilized on the

plots are shown below:

O LAIRS
o NOAA
A GRAM
4 AF78

Density, temperature, and pressure comparisons
are presented as Figures II-1 through 1I1-3,

respectively. Two altitude regions are shown on each

rt

glot &= a continuation with 50 kft overlap. The upper

altitude picts cover the region between 350 kft and 150
wft. The lowermcst 200 kft 1s covered in the
continuation frame. Figure II-1 shows that the two
measuresent density sources are in better agreement with
the Shuttle derived data than =2ither of the models. The

models tend to depart taward a2 more dense estimate above

-22-
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100 kft whereas the two remote sources are in reasonable
agreement. Of course, neither source can be expected ta
reflect the density structure visible in the acceler-—
ometry. The major discrepancies between the remote
sources to note are in the narrow interval between
altitudes of P30 and 260 kft and, surprisingly, a fairly
broad region centered around an altitude of 150 kft.

tUse of the NOAA data would indicate an underpredicted
seropdynamic data base error at h™250 kit which is not
typical of the previous flight results. Therein, LAIRS
woulido appear to be more apgropriate. The difference

at the lower altitude reflects an implied data base
aoverprediction difference dependent upon which density
source is selected, e.g., an additicnal six (4) percent
overprediction would be suggested by the LAIRS data.
Throughout this interval, the LAIRS data are in better
agreement with the two models. Thus, on the basis of
atmosphericz density alone, the LAIRS file was selected.

Thi

Ul

is also true for pressure as can be seen in Figure
II-3 but not substantiated in the temperature plot of
Figure II-2. It is noted that the LAIRS density data do

T

n

nd to depart guite drastically above 350 kft, actually
exctaeding 30 percent cof Standard above 260 kft. As a
consegquence, the AEROBET and BTFILEs were only generated
below this altitude. This is of no conseguence since
the upper altitude is stiil substantially abaove that
corresponding to meaningful signal in the IMUs.
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Wind comparisons are shown as Figures 1I1-4 and
I1-5 for the twoc remots sources and the GRAM data. In
general, the major East-West component is in good
agreement. Above S0 kft ane has little recourse but to
review these data {for reasonableness. In the subsonic
regime evaluations were made based on the in situ side
probe measurements. These comparisons are summarized as
Figures 1I-6 ang 1I-7. The first of these two figures
shows the LAIRS and NOAA winds superimposed on charts
containing both batch and deterministic estimates of the
winds. The notation, FLAIR1?, 1is made since the LaRC
file had to be modified slightly at the lower end. The
modification involved marging the NOAA atmosphere over
the bottom 2 kft wherein the LAIRS data were incomplete.

Figure 1I1-7 shows residual differences between the in

n

it ailr data parameters and those computed based on the
FLAIR1? data. The results shown on each of these last
two figures are well within the accuracy of gquantifying
the subsonic winds. Thus, the LAIRS data, modified as
suggested, were adopted.

The remaining four figures in this section simply
show the final atmospheric parameters for STS-19. The
final temperature profile is plotted in Figure I1-8 over
the lowermost 2460 kft. Similarily, final density and
pressure profiles are shown in Figure II-9 and II-10,
respectfully. Finmally, southward and westward wind

profiles are shown in Figure I1I-11. -24-
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Figure li-9 Final density profile for STS-19 (51-A)
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Section III. Aeradvnamic BET development and summary

results

Thiz section summarizes the STS8-19 aerodynamic
results. These data were plotted from the primary
AERDBET generated for this flight, namely, NKO1&5.
These data were generated based on the previously
discussed inertial BET and the selected atmosphere. 01
data defining RCS and control surface deflectians were
obtained from NKO785, thinned to 1 Hz and output on reel
NPO302. Mass properties utilized are given in Appendix
A.

Altitude, altitude rate, dynamic pressure, and
Mach number are plotted as Figures III-1 through II1-4,
respectively. Each are plotted versus time from epoch,
with the latter fhree variables plotted versus altitude
as well. The hypersonic viscous parameter is plotted
versus altitude in Figure III-S as is Reynolds number in
Figure III-&6 . Air relative attitude angles;
angle-of-attack, side—-slip angle, and roll angle are
presented versus Mach and altitude in the next two
figures. The plot versus Mach number, Figure I11I-7,
shows thereon (as a shaded region) the range of a’s
flown on the previous flights.

Strip charts of the spacecraft dynamics versus
Mach number are next presented (see Figure I11-9).
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Contrel surface deflections versus Mach and altitude as
well as RCS activity versus Mach are shown in the next
three figures. Again, Figure III-10, the plot vs. Mach,
shows the previous range of control surfaces available.
The additiaonal elevon cpportunities available with this
flight are visible by inspection.

Figures II1I-13 and 111I-14 show the very
interesting flight/data base comparison results for this
mission. Again, shading is superimposed to show
previous history, in this sense from a statistical
perspective. The shading reflects a +10 band around
the mean prediction error computed from the ensemble
flights., It is noted that the larger overprediction
suggested arcund Mach 7 conforms to the 150 kft region
discussed earlier as a potential problem area. The
other obvious departure suggested near Mach 21 occurs at
nY220 ¥+t and wouid be virtually identical no matter
wintich remcte atmosphere were selected. This does not
1mzly that the discrepancy is not atmospheric in origin.

The pirtching moment difference curve required
increased scales to avoid saturation on the plot in view
ot the (rather) large discrepancy with respect to the
data baze. This was only true when plotted as a

percentage difterence in the &£3% reference, not when

-40-




presented in the flight c.g. (Figure I1II-15). This also
had to be done for 8T6-17 which heretofore governed the
most negative {(upward) hypersonic elevon setting.
Consequently, that flight a2lso had been the most forward
t.g. flight until S8STS5-19. Thus, over the past two
flights the forward c.g. envelope has increased by
approx*imately 4-5 inches. This flight’'s longitudinal
c.g. profile versus Mach is shown as the last figure

herein with the previous flights superimposed thereson.
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Iv. MMLE input file generation

For this Discovery flight GTFILEs were created
using the only two possible sources of spacecraft
dynamics, i.e., IMU and RBA/AA. The IMU GTFILE was
output on reel NKQ202. The RGAL/AAl file was created by
incorporating these channel 1 measurements as
replacements to the IMU derived body axes components.
The output resl for the RGA/AA file was NK0203. The
REA/AA data were calibrated versus the IMU measurements
using the time interwval biases shown in Figure IV-1.
Maneuvers effected during the mission are as given in
Table IV. Spacecraft mass properties are given in

Appendix A.
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LONGITUDINAL MANEUVERS

START TIME

STOF TIME

H:M:5 Sec.

11:32:47
11:40:11
11:42:39.S
11:44: 48
11:48:30.5
11:50:24.5
11:851:3%9.5
11:582:57
11:34:26
11:55: 46

from epoch

12467
1711
1859.5
2108
2210.5
2324.5
2399.5
2477
2566
2646

H:M:5 Sec.

LATERAL DIRECTIONAL MANEUVERS

START TIME

HiM: S

11:32:58
11:40:21
11:242:31
1i:4&:40
11:248:22
11:50:20
11:=51:232
11:52:48
11:53:38
11:54:19
11:55: 3%

Table 1IV.

Sec.

from epoch

12749
1721
1851
2100
2202
232
2392
2468
2518
2559
2539

from epoch

11:32:57 1277
11:40:22 1722
11:42:32 1872
11:46:54 2114
11:48:37 2217
11:50: 36 23326
11:51:43 2403
11:53: 00 2480
11:354:30 2570
11:55:49 2649
STOFP TIME

H:M:5

11:373:06
11:40:29
11:42:40C
11:44:48
11:48: 30
11:50:28
11:51:39
11:52:5&
11:53:52
11:54:25

11:55:246

from epoch

1286
1729
1860
2108
2210
2328
2399
2476
2532
2565
2646

§TS5-19 (51-A) maneuver periods for extraction

-60-




o, =.01201

m

Mp , deg/sec Mg 026857
05
.04+

gy —
.03?-
— )

.01+

0 A S NSNS SN N (N RN (N N AN SN N NN N weeres R R SR N

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

TIME, 100 sec
(a) Roll rate statistics versus time
o, =.00971

tq . deg/sec Hovg ==-01992

or
-.01+ _-——_‘—_—-—L—__—l-—_—J—___J____J_____L———ﬂ

L
-.03 —_____,____J—_——-
—

-.04 L —
-.08 | I ] 1 ! 1 1 ! 1 1 1 | 4 | | i ] 1 J

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 28 30

TIME, 100 sec
(b) Pitch rate statistics versus time
o, =.00879

Mg . deg/sec Mg =-01641

Or_
-.01F —’__"l__‘__r__l_—
-.03
-.04
S0 Y=Y AN TR NN (NN WY W T Y S AU N S SN NN MR S SR S S

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

" TIME, 100 sec

(¢) Yaw raote statistics versus time

Figure IV-1. STS-19 signal differences -61-
(IMU2 - RGA1/AAl)



NOTE: NO AXIAL CHANNEL AVAILABLE
FROM AA PACKAGE

o, =.,00061
L . g's Havg 00262
Yy
X 103
5.00
3.75—

1.25+
0 N N NS TR S SN SS N NN SAN S SR SN W SR S SU S
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
TIME, 100 sec
(e) Y-body acceleration statistics versus time
o, =.00394
b d's fia,, 00227
x 103
10
5.—
O+
S
-10 S S WS N WU SRR NN N SN NS SNE SN SN SN SU S S S
1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

TIME, 100 sec

(f) Z-body acceleration statistics versus time
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APPENDIX A

Spacecraft and Physical Constants
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= ebT1T0%C2E=01
-e63612852E 400
_+76699421E+00
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Table A-1
STS-19 IMU attitude matrices @ epoch
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ORIGINAL PAGE 18
OF POOR QUALITY

+++44+IM) NRY 2 ATTjTUD

INFIKMATION S+ 444

ve s INERTTAL (Er5¢) Ty ¥ATATING (£T90)

-.72414RE0F+00
eH9430445E+00

e33580453 =g

ee o RATATINE (FTUD) TO nN=r=D

-.57170422E=-01
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(TO6YI4Z1EHI0
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O.
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=l 7200734 E+00 -e63034874E+00 e616239730:2+400
e 06773245400 «3773:97235400 e 7747306175400
~e72134417%+00 «676008715+01) e141010:24 400
eeeS/7C RONY V{4 N=¢c=N

«19301707E+400 ~e32201170740) -e¢953576100¢+00
$26279853E400 «96932958E+400 - 77692953E+00
+34534664E400 e%5450357¢ =02 ¢32532587¢+400

Table A-1

(continued)
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ORIGINAL PAGE B
OF POOP ~VALITY
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Table A-1

(concluded)
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Planet Parameters

Physical Model

Polar Radius:

Equatorial Radius:

Rotational Rate:

Gravity Model

Central mass, u:

Ja:

C3p:
C40:
Co2:
S22:

Runway 15 Location:

Altitude:

Geodetic Latitude:

Longitude:
Azimuth:

20,855,591.48 ft
20,925,741.47 ft
.7292115147E~-4 rad/sec

.1407646853E17 fts/sec2

.10827E-2
.256E-5
.158E-5
.157E-5
-.897E-6

-199 ft (above ellipsoid)
28.632927 deg
279.293967 deg
149.988300 deg

Location of IMU relative to center-of-gravity in Body coordinates

(Assumed constant for entry reconstruction)

56 ft
0.0 ft
-4 ft

Spacecraft aerodynamic reference parameters

Reference Area
Span
Chord

2690  ft2

78.057 ft
39.567 ft

Average Attitude Computations @ Epoch (40300 sec)

IMU1

¢ (deg) 53.5973
6 (deg) -70.9376
¢ (deg) 1.7865

IMU2 IMU3 u o

53.7039  53.8372 53.7128 0.1202
-70.9698 -70.9500 -70.9525 0.0163
1.6782 1.5600 1.6749 0.1133

TABLE A-2

Planet and Spacecraft Data Used for
BT19D19, STI19BET, and AEROBET Generation
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Weight and Center-of-Gravity (c.g.) Location

EVENT TIME WEIGHT XCG YCG ZCG

(sec from epoch) (1bs) (inches in Orbiter Structural Reference)
EI 1038 209163.7 1083.4 -0.2 372.5
M3 2472 207982.7 1081.4 -0.2 371.8
Landing 2892 207505.7 1082.6 -0.1 369.1

Moments and Products of Inertia

EVENT Iyx Iyy 12 Iy Iyz Iyz
EI 892717.1 6813738.2  7106750.5 -518.2 160614.3  -1427.0
M3 886776.1 6773938.5  7068818.4 46.4 149294.8  -1303.3
Landing 915161.5 6787282.8  7057585.3  717.1 140210.9  -1176.8
NOTES

EI values assumed at epoch

Mach 3 values held constant until gear deploy (t=2877s),
landed values adopted thereafter

TABLE A-3

STS-19 mass properties 68




APPENDIX B

Final residuals for STS-19 trajectory reconstruction
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APPENDIX C

Listing of trajectory and air relative parameters
from final STS-19 (51-A) Extended BET

at two(2) second intervals
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Appendix D

S5T6—-19 Archival Products
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D.1 STS-19 Output Products

(aj FILES

NAME

BT1I2D12/UN=1582750N
STI9BET/UN=274885C
MNAVBSLA/UN=389102

FLAIR12/UN=2748B85C

TRWST 1% /UN=274888C
IMRGAL1F/UN=274885C

(ks TAFES

DESCRIPTION

Final reconstructed trajectoaory
(40 word format per AMA 81-1)

Final extended BET
{66 word format per AMA B1-11)

5T5-19 onboard nav BET
{64 word format)

Final LAIRE file for STS-19
(STIFMET /un=712662N with NOAA
data below 2.1 kft)

Reftarmatted JSC/TRW BET
(L6 word format)

Signal difference file
(IMU 2 — RGA1/AAL)

REEL

NEG1&5

NED201

NEOZ202

NEOTOSD
NEODTED

NEQOZZEE

NTOGL
NROB47
NPOTO2

NFOZ&64

MTO66Z

DESCRIFTION

ST5-19 AEROEBET
(201 words per AMA 82-9)

Duplicate of above

25 Hz IMU 2 GTFILE
{62 words per AMA 81-20)

b
un

Hz RBALl1/AA1 GTFILE (&2 words)

I
4]

Hz unrectified RGAL/8A1 file

25 Hz bias rectified RGAR1/AAL file
{1nput tape far NEQZ203)

Final 575-1%9 residuals from BT19D19
Editted tracking tape

1 Hz OI-2 for AERDBET generation

20 Hz IMU 2 file in body axes
{ralibrated from BT19D19 solution,

used for STIBET, AEROBET and GTFILE)

Dynamic data for reconstruction
(20 Hz IMU 2 data in platform
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D.2 Source Tapes Received via NASA LaRC

{al T/ TAFES

REEL DESCRIFTION

NH1178/NR0CB18 0I-1

NEO785 0o1-2

NWO21 4 0I1-Z2 (source for RGA1/7AA)
NWO4ZZ2 01-4

NEO2Z227 0I-1 $rom CBETIF

(bl TRACKING TAFES

ND1229 JSC/TRW tracking data

NEO&KZS Goddard Space Flight Center data
{c) OTHER

NWO4SE JS5C/TRW descent BET

oy

g
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